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Terminology integration

The Unified Medical Language System




Motivation

1 Started in 1986
0 National Library of Medicine
1 “Long-term R&D project”

(Integrated Academic

[ Complementary to IAIMS Information Management Systems)

«[...] the UMLS project is an effort to overcome two significant
barriers to effective retrieval of machine-readable information.

* The first is the variety of ways the same concepts are expressed
In different machine-readable sources and by different people.

* The second is the distribution of useful information among many
disparate databases and systems.»




Source Vocabularies

1 117 “sources”

1 ~60 families of vocabularies
o Mmultiple translations (e.gMeSH ICPC, IC>10)

» Vvariants (AmericatEnglish equivalents, Australian
extension/adaptation)

» Subseguent versions usually considered distinct families
(ICD: 9-10; DSM: lIR-1V)

1 Broad coverage of biomedicine
1 Common presentation




Biomedical terminologies

1 Core vocabularies
o anatomy (UWDANeuroname)s
» drugs (FirsDataBankMicromedey
» medical devices (UMD, SPN)

1 Several perspectives
o cClinical terms (SNOMED, CTV3)
o Information sciences (MeSH, CRISP)
» administrative terminologies (IGB-CM, CPT-4)
» Standards (HL7, LOINC)




Biomedical terminologies (cont’d)

1 Specialized vocabularies
nursing (NIC, NOC, NANDA, Omaha, PCDS)
dentistry (CDT)
oncology (PDQ)
psychiatry (DSM, APA)
adverse reactions (COSTART, WHO ART)
primary care (ICPC)

1 Knowledge bases (Al/RheudXplain, QMR)
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UMLS: 3 components

- Metathesaurus

« Concepts

 Inter-concept relationships
1 Semantic Network

o Semantic types

» Semantic network relationships
7 Lexical resources

o SPECIALIST Lexicon
o Lexical tools




Addison’s Disease: Concept

Disease or Syndrom

Addison’s Diseas

SNOMED
MeSH
JAX®]D)

ADRENAL INSUFFICIENCY (ADDISON'S DISEASE)

: ADRENOCORTICAL INSUFFICIENCY, PRIMARY FAILURE
i Addison melanoderma

i Melasma addisonii

Primary adrenal deficiency

: Asthenia pigmentosa

: Bronzed disease

. Insufficiency, adrenal primary

. Primary adrenocortical insufficiency

. Addison's, disease

MALADIE D'ADDISON - French

: Addison-Krankheit - German

: Morbo di Addison - Italian

: DOENCA DE ADDISON - Portuguese
ADDISONOVA BOLEZN' - Russian
ENFERMEDAD DE ADDISON - Spanish

Read Codes C0001403

A disease characterized by hypotension, weight loss, anorex
weakness, and sometimes a bronze-like melanotic
hyperpigmentation of the skin. It is due to tuberculosis- or
autoimmune-induced disease (hypofunction) of the adrenal
glands that results in deficiency of aldosterone and cortisol. |
the absence of replacement therapy, it is usually fatal.




Metathesaurus Concepts (oosas)

1 Concept: Cluster of synonymous terms
» ~8/75,000 concepts .
+ identified by aCUI remy s
" Term: Set of lexical variants | =
. ~1.8 M terms N
o Identified by a_Ul

1 String: Concept name

o ~2.1 M strings
o Identified by aSUI

Concept 1
C0000001




Cluster of synonymous terms

: 50011232 Adrenal Gland Diseases

i S0011231 Adrenal Gland Disease

i 50000441 Disease of adrenal gland
L0001621 i S0481705 Disease of adrenal gland, NOS

: 50220090 Disease, adrenal gland
S0044801 Gland Disease, Adrenal

Term S0860744 Disorder of adrenal gland, unspecified
L0041793 : s0217833 Unspecified disorder of adrenal glands

Term S0225481 ADRENAL DISORDER

Concept L0161347 | S0627685 DISORDER ADRENAL (NOS)

C0001621

Term S0632950 Disorder of adrenal gland
L0181041 S0354509 Adrenal Gland Disorders

Term S0586222 Adrenal disease
L0368399 S0466921 ADRENAL DISEASE, NOS

Term

L 1928026 S1520972 Nebennierenkrankheiten

Term
L0162317 S0226798 SURRENALE, MALADIES




Metathesaurus Relationships

- Symbolic relations: ~5 M pairs of concepts

0 Statistical relations : ~6.5 M pairs of concepts
(co-occurring concepts)

1 Categorization: Relationships between concepts
and semantic types from the Semantic Network




Symbolic relations

0 Relation
» Pair of concept identifiers
o Type
o Attribute (if any)
» List of sources (for type and attribute)

1 Semantics of the relationship:
defined by Iitgype[andattributd




Symbolic relationships Type

1 Hierarchical
o« Parent/ Child PAR/ CHD
o Broader / Narrower than RB/ RN

1 Derived from hierarchies
» Siblings (children of parents) SI B

1 Assoclative
o« Other RO

o Various flavors of neasynonymy
o Similar RL
» Source asserted synonymy gy
o Possible synonymy RQ




Symbolic relationships Attribute

1 Hierarchical
o Isa(is-a-kind-of)
o partof

] Assoclative
» |locatior-of

o causeecby
o treats

1 Crossreferences (mapping)




Semantic Types Anatomical

Structure

Fully Formeo :
Anatomical Embryonic

Structure
Structure .,

.| Body Part Organ
Organ Compone : (Pharmacologq: Populatio Semantic
Substance Group Network

Metathesaurus
Saccular

Viscus

Angina
/97 Pectoris

Cardiotoni7

Tissue

Left Phrenic 1
Nerve - /
Heart Fetal 22 Donors
9 Valves 31 Heart
Concepts




| exical tools

0 To manage lexical variation in biomedical
terminologies
1 Major tools
o Normalization
» Indexes
» Lexical Variant Generation prograrvgj)

- Based on the SPECIALIST Lexicon
1 Used by noun phrase extractors, search engines




Normalization

Remove genitive >

Remove stop Word>

Lowercase >

Strip punctuation >

Uninflect >

Sort words >

Hodgkin's diseases, NOS

Vi

Hodgkin diseases, NOS

Vi

Hodgkin diseases,

Vi

hodgkin diseases,

Vi

hodgkin diseases

Vi

hodgkin disease

Vi

disease hodgkin




Normalization: Example

. Hodgkin Disease

. HODGKINS DISEASE
. Hodgkin's Disease

. Disease, Hodgkin's

- Hodgkin's, disease

. HODGKIN'S DISEASE
- Hodgkin's disease

. Hodgkins Disease

normalize

- Hodgkin's disease NOS
. Hodgkin's disease, NOS
. Disease, Hodgkins 5
. Diseases, Hodgkins

- Hodgkins Diseases

. Hodgkins disease

. hodgkin's disease

. Disease, Hodgkin

disease hodgkin




Information integration

Genetics as an example




NF2 Gene, protein, and disease

Neurofibromatosis 2is an autosomal dominant
disease characterized by tumors called
schwannomagnvolving the acoustic nerve, as well
as other features. The disorder Is caused by
mutations of thé&NF2 gene resulting in absence or
Inactivation of the protein product. The protein
product of NF2 is commonly callederlin (but also
neurofibromin 2 andschwannomin and functions
as a tumor suppressor.




Schwannoma (acoustic neuroma)

http://www.mayoclinic.com
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Siblings
Disorders

& Cerebellopontine
Angle Acoustic
Meurorma =
Diffuze
nieurofibromma =
Ielanocytic
Westibnlar
ochvwrannoma =
Meurofibromatosis
rmonmalignanty @
Meurofibrormatosis
1
neurofibromatosis 1
and 2 (MNF1 and
NFZ) =
Meurofibromatosis
3 om
Meurofibromatosis
type 3 &
MEURCFIBREOMMATOS
TYPE IV, OF
RICCARDI =
Meuroma, Acoustic,
Unilateral =
Segmental
nenrofibromatosis =

(11 siblings)

[direct children and
natrower concepts of
direct parents and
broader concepts]

Tumor of acoustic vestibular
nerve

Benign neoplasm of cranial

nerves Hereditary

Skin tumor of neural ¢

Meoplastic Svndrom;‘j

* Chemicals & Drugs

Meurofibromatosis 2

Meuroma, Acoustic, Bilateral

Cther Related
Concepts

Anatomy

& Acoustic Merve ©

o Menrofibromin 2 @
Disorders

& Farmilial Acoustic
Meurormas =
Meoplastm of
utic ertait hehavwior
MNOS =
Meurofibrotnatoses
Meurofibromatosis

chwannoma, Acoustic;
Bilateral

1]

I_]”-r lan Jaioat

Start again I Apply new parameters

Neurofibromatosis 2

Similar Concepts

At [Shaw il

~| (none)

I Mathing

| UMLS_2003 x|

Type of hierarchical * A1 (" ParentiChild only

rel: Broader™ arroarer only

P Foa

- Allegedly Synonyms

— Meurofibromatosis

1 4

LEGEHD
Closest MeSH Terms
Main Headings

s MNeurofihromatosis 2

Tumors [4] =
Mervous System
Meoplasms [A] =
Meurilernmoma [33]
Meurofibromatosis
1 [38] =
MNeuroma,

Acoustic [26] @
Peripheral Nerrous
Bystem

Dizeases [3] =
Peripheral Metwrous
System

Meoplazms [8] =
Postoperative
Complications [9] @
Retinal

Digeazes [6] =
Sldn

Meoplastns [9] =

1

-]

|| Subheadings
-

NEE

I@ B c'% @'E Document: Done (1,328 secs

- o] |



http://www.ncbi.nlm.nih.gov/mapview/
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Siblings
Chemicals & Drugs

ADANIT protein,
hutrian =

DLGS5 proten,
human @

DPII3 protein,
human @
HCCE-1protem,
human =
hsshibpl protein,
human =

HUGL protein,
human &
LAPSER] protein,
human &
rmitochondria
proteolipid-lilke
protemn, human &
WG proten,
human &

P33 genefprotein @
PLAGLI protein,
human &
FAREESS protan,
human &

sEZAL protem,
human &

TES protein,
human &

Genes & Molecular
Sequences

APC Gene @
BAY Gene @
brea gene ©
CDHI gene =
CHES] Gene =
cyclin-dependent
kinase inhibitor 24

e

w

Genes, Recessive

Growth Suppressor Genes

Cenes, Tumor Suppressor

MNeurofibromatosis 2 genes

Cancer Cenes

Neurofibromatosis 2 genes

Start again | Apply new parameters |

Thessnict i [Shaw al |

I M athing |

| UMLS_2003 =f

Type of hierarchical @ 41 (" Parent/Child only ©
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L L o e

Similar Concepts

—| (none
1 Allegedly Synonyms

— rmone)

LEGEND
Closest MeSH Terms
Main Headings

s [Genes,
Meurofibrotnatosis 2

> Subheadings

Cther Related
Concepts

Chemicals & Drugs
* Meurofibromin 2 =
Disorders

¢ Meurofibromatosis
1o

(2 other refated
cotcepts)

L Preiok | et vt A R |
Chrotriosotre
Dreletion [7] =
Ependymorna [4] =
Glioma [4] =

Loss of
Heterozyagosity [7]
Ieningeal
Meoplasms [25] =

Meningioma [30] ==

tesothelioma
<l= [4] =
Meoplasms [4] =
Mevrilernmoma [20]
Meurofibromatozes
HMeurofibromatosis
2 [64] =
HNeuroma,
Acoustic [5] =
Spinal Cord
Meoplasms [3] =

Il D]
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Merlin

[ Synonyms
o Neurofibromin2
o Schwannomin
o Schwannomerlin
o Neurofibromatost?

1 10I1soforms

1 Annotations
» Negative regulation of cell proliferation
» Cytoskeleton
» Plasma membrane
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Siblings
Chemicals & Drugs

o (LA)12 peptide =

* [methyDarmonivm
uptalkte carrier,
Corynebacterinm =
120-kDa
hetnocyte-specific
membrane proten,
flesh fly =
15a protein, Aedes
aegypti @
22.6-kDa antigen,
mchistosoma
japonicum &
36-kDa vesicular
miegral membrane
protemn &
381 protemn @

protemn &
50 kDa
dystrophin-associate
protem &
A-1 antigen
A-lanase anchor
protemn 149
A-danase anchor
protemn 15
A-lanase anchor
protein 200 &
A-lanase anchor
protemn KT, &
A14 5L protein #
A15 protein &
ARC-me protein
AR protein, C
elegans ©

& AcB protein ©

S-lipoxygenase-activg

4 Il 2

proteins by body part

Growth Suppressar Proteins

" ra

Cell Cycle Proteins

Neoplasm Proteins

Membrane Proteins

Tumor Suppressor Proteins

MNeurofibromin 2

merlin, Drosophila

MNeurofibromin 2

Start again | Apply new parameters

Thessnict i [Shaw al

I MHathing

| UMLS_2003 =f

Type of hierarchical @ 41 (" Parent/Child only ©
rel: BroaderM arrowrer only

Ford o~

Similar Concepts

—| (none

1 Allegedly Synonyms

— rmone)

LEGEND
Closest MeSH Terms

Main Headings

] & Meurofibromin 2

| subheadings

Cther Related
Concepts

Disorders

* MNeurofibromatosis
2o

Genes & Molecular
Sequences

* MNenrofihromatosis 2
gEnEs ©

(2 other related
concepts)

Co-occmrring
Concepts

Anatomy

Arachiioid [1] =
Cell

Wembrane [1] =
Cerghellum [1] =
Chromaosomes,
Hutnat, Pair

a2 1] =
Cytoplasm [1] =
Cytoskeleton [1] =
Wicrofilaments [1]
Purldnje

Cells [1] =
Schwann

Cells [1] =

4] {1

o Sten Cefls [11 @
L [»]

. LR A Wi
I@I = c'% @'E Document: Done (2,844 secs)
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UMLS Semantic Network (Semantic Types)
[Peptide, or Protein

Amino Acid, }

Substance

[Neoplastic Process ] [Gene or Genome ] {

Biologically Active}

Benign neoplasm Tumor suppresso Tumor suppresso
Ibromatoses of cranial nerves genes proteins

\/

NF2
(Neurofibromin 2 gene
(Schwannomin,

Neurofibromatosis 2 Neurofibromin 2)
(Type Il neurofibromatosis, C0254123
Bilateral acoustic neurofibromatosig) UMLS Metathesaurus

COO?7832 (Concepts and relations) | Merlin, Drosophila

NEUROFIBROMATOSIS,\E 5 Drosophila melanogaster merlin |
: TYPE II; NF2 L "\ (Dmerlin) mRNA, complete cds. !

#101000  opmm ! External resources 49724 Genbank




Limitations

1 Genes not systematically represented
» Most gene products and diseases are

1 Gene/Gene produtdisease relations
» Not systematically represented
» Not explicitly represented (e.g.,-@Ecurrence)

- Crossreferences not systematically represented

- Naming conventions (genes)




Applications (1)

GenesTrace™

|.N. Sarkar & al.
Columbia University




Objectives

7 Relate diseases to genes through structured,
Integrated terminologies

- Biological Knowledge Discovery




Resources and Methods

1. Start from a disease in UMLS Annotation
2. Select related concepts terms (GO)
3. Map related UMLS concepts to gersesl GO terms

4. Relate GO terms to genes

Genes
(LocusLink)




Validation Breast cancer — BRCA1 association

1. Disease Breast neoplasms Annotation

2. 2129 related concepts terms (GO)

3. Several related genes and 168 related GO terms

4. 10,000 gene products associated (including.BRCAl

Breast —

neoplasms

Genes
(LocusLink)




Limitations

1 Noise

o Too many nosspecific GO terms associated
(e.g.,nucleuy

o TOO many genes associated

1 But

» Promising preliminary results
« Room for refinement




References

0 |. Sarkar M. Cantor, O. Bodenreider, Yussier
GenesTrac®': Biological knowledge discovery
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Submitted to MEDINFO 2004.




Applications (2)

BioMeKe

G. Marquet & al.
LIM, Univ. Rennes, France




Objectives

1 To develop &nowledge warehouder
transcriptomenalysis (liver diseases)
1 Semantic interoperability

» Medical knowledge bases
» Molecular biology and genetics knowledge bases




Components

Core Ontology

HUGO I I UMLS

i GO ] [Annotationsj

J
~

[ Swiss-Prot]

AN
L

-

{ GenBank]

| MEDLINE |

\_

Cross-referenced resources

Query Processor

O

Biological J \

search module

Heterogeneity
manager

Medical

N

k search module /




Example

0 Input: ferritin, heavypolypedpidéel

1 Mapping to biological resources
» Not found in the Core ontology
» Official nameFerritin heavy chairfound throughXref

0 Biological information obtained from GOA

1 Mapping to medical resources
» Not found in UMLS
o SynonymFerritin H found throughXref (SwissProt)

1 Medical information obtained through-co
occurrence oMeSHindex terms in MEDLINE




Results

« iron binding protein Bi0|09if_3a|sl
annotation

e iron ion homeostasis
e intracellular iron ion storage
o cell proliferation

e ferritin complex

FTH1 —>»{ BioMeKe

e liver Medical J
annotation

* hemochromatosis
e cataract




Limitations

7 Non-formal ontologies
« Knowledge may be inconsistently represented
o Knowledge may be implicit (mappings)

1 Partial automation

» User input required to select databanks, reformulate
gueries

1 Semantic integration
» Naming issues
o Mappings must be updated regularly
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Conclusions




Conclusions

1 Terminology Integration provides some degree of
Information integration

1 Most terminologies and the crersferenced
databases are readily available

[ Lack of consistent representation
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